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WLND-TUHTiEl INVESTIGATION 
OF THE CVAC SUFS3SOHIC BOMBER  (HOSTIEE - MX-196*0 

Prepared by: 
I. Sfc.aats 

ABSTRACT: Results are presented in this report v>f an investigation to 
determine the drag and stability characteristics of a 1/82.5 scale model 
of the iQ.-196h  supersonic bomWr. Data were obtained for the various 
model components as well as for the complete configuration. Control 
surface effectivvuaSS data in both the pitch and yev planes were also 
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Consolidated Vultee Aircraft Corporation, Fort Worth, Texas. The vind- 
tunnei datt* vera  taken 11 June 1952 through 25 June 1952. The 
investigation was performed under task number NOL-Bexa-1-53. 

This document may include technical data or other information which may be 
proprietary to parties other than the government and therefore the trans- 
mission by the Department of the Nary of this document is not to be 
regarded by implication or otherwise, as licensing or conveying any rights 
or permission to the recipient or any other person or corporation gaining 
access to this document to use for commercial purposes, as distinguished 
from governmental purposes, the seJd technical data or information 
disclosed herein. 
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WIND-TUNNEL INVESTIGATION 
OF TK3 CVAC SUPERSONIC BOKESB   (HUSTLER - MX-196U) 

INTRODUCTION 

i,    Tuts Kl-196k is a supersonic bomber being developed by the 
Com>olltf*rfcatf Yultee   ..rcraft Corporation for the Uaited States Air Force. 
This aircraft (deeijscnc-ted as  the "Hustler")  ia a bomber reconaissance 
type Nut contains an expendable fuselage pod which aa.y be used either as 
a boaio or a guid«d missile. 

2.    T;ie wiiid-tunnel tests covered in this report are a continuation 
of previous tests conducted at NOL, reference (b).    The model used in this 
latest investigation differed somewhat from the model ?.esteu in 
referesse (a) in that provision was made for the oounting of caoard 
control surfaces on the pod. 

<, Symbols 

£5& es ami Flot; Parameters: 

Gtc m angle of attack (degrees) 

ipa m angle of yev (degrees) 

;3   » angle of roll (degrees) 

'4   » iSacii number 

q   » dynamic pressure (psi) 

ifoti i.; a Ref ec'ence D imens ipps s 

b    »» ving span (6.881  Inches) 

c    • mean aerodynamic chord  (^.91$  inches) 

S   • wing area 425«36^ Inches) 

e.g. * center of gravity for full scale airplane (see paragraph 18, 
Figure IT) 

Forces and Momerfts; 

F    « axial force (pounds) 

1   m drag force (pounds) 

x 
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h   m  lift force (pounds) 

Mrt •» rolling moment - corrected to stability aiea (inch-pounds) 

t-nj/a  yawing moment - corrected to stability axes (inch-pounds) 

Mo comp.*1 pitching moment referred to center of gravity for composite 
c onf i (jurat i on (inch - pound s) 

MQ p^tf m  pitching moment referred to center of gravity for pod 
configuration (inch-pounds) 

N m  normal force - normal to body axes - pounds 

Y « lateval force - normal to body axes (pounds) 

Aerodynamic Coefficients: 

CAC * »*Ial force coefficient • F/q*S (based pressure removed) 

CD • drag force coefficient « D/q«S   (based pressure removed) 

CL - lift force coefficient • l/q-S 

CK m  normal force coefficient • N/q«S 

C0C  K rolling moment coefficient - corrected to stability 
axes » M^/q *S"b 

C^c » yawing moment coefficient - corrected to stability 
axes «" M /q »8 «b 

cdcomp." Pitching moment coefficient about composite center of 
gravity » M9 coap/q*S*c 

c9 pod " pitching moment coefficient about pod center of gravity » 
% pod/9*s,c 

Cy m  lateral force coefficient - normal to body ares = Y/q«S 

&cdel Nomenclature 

clt, Canard Ko. 1 in position 'V 

C£a Canard No    2 in position "a' 

C-2t> Canard No. 2 in position "b" 

C2C Ca-uarfi No. 2 in position !'c" 

2 
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C3t, Canard No. 3 in posit ion "V 

Cltfj Canard No. U in position "b" 

F True fuselage 

Fj4 Modified fuselage 

Lla Pod wing Ho. 1 in position "a" 

Llb Pod wing So. 1 in position "b" 

L^c Pod ving No.  1 in position "V 

lo^j Pod ving No. 2  in position 'V 

Lrjb Pod ving No.   3 in position "b" 

I*jC Pod ving No. 5 in position "c" 

N Faired true nacelles integral with wing No. 2 

P- True po? number 3 

P3M Modified pod number 3 

P^ True pod number U 

S Splitter for pod number k 

T- True pod tail No. 2 - small single vertical fin 

Tgn Modified pod tail number 2 

T3 True pod tail number 3 - large single vertical fin 

T• Mod if led pod tail number 3 

V^ True vertical tail number l 

Vy/i Modified vertical tail nuiaber 1 

Vg 7«n5« vertical tail number 6 

V« True verticil tai\ number 7 - large ventral area 

VQ True vertical tail nucber 3 - sine. 11 ventral area 

7Q True vertical tail number 9 - dorsal area integral with 
tail of asnje pianform as vertical tail number 1 

wl Wing number 1 - sxicis ving 

3 
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W£   Wing number 2 - deflected surface ving 

W3   Wing number 3 - ving modified for nacelle mounting 

X    Pod nose extension 

Control Deflections: 

Inboard control surfaces are located on trailing edge of ving 
between engine nacelles and fuselage. 

Outboard control surfaces are located on trailing edge of ving 
betveen engine nacelles and ving tips. The letters (.".,) and (R) 
denote left and right looking from base to none of model. 

The symbols (ic) and ( R) denote canard incidence and rudder 
deflection, in degrees, respectively. See Table I. 

Description of Models and Balance 

5. The MX-196U model is composed of three basic configurations: 

a. An external "pod" which contains its own control surfaces, 
Figure I. 

b. A "return" component which i6 a controllable aircraft in 
itself, Figure 2. 

c. A "composite unit" combining both the pod and return components, 
the pod is attached to the undarside of the "return" component, Figure 3. 

U. In order to use an internal strain gage balance for this model, the 
afterbody of either the pod or th-3 fuselage was altered to house the balance 
and sting. Modified configurations for each of these components was provided. 
In the case where the modified fuselage vas used (bclance mounted in fuselage) 
the true pad configuration was used. When the modified pod was used (balance 
mounted in pod) the true fuselage configuration was used. The modified 
eomponont for any particular configuration vas denoted by the subscript "m" . 
A mode.1 for still another type of support system was provided in which twin 
stings could be mounted in the modified afterbodies of the engine nacelles, 
reference (b). The wing mounting these modified nacelles was denoted as W3. 
A configuraxdon employing this wing was testedj however, a single sting 
support was used with the balance mounted in the fuselage. 

Pods 

5. Two basic pod shapes were tested, pod number 3{?^)  and pod 
number MP1+). True pod number 3> as tested in reference {b)  was altered 
slightly to allow attachment of extended pod no«e pieces and to provide 
for placement of the swept canard in the aft position (see Figure h). 

h 
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a modified pod number 3(P2M) vas provided for testing of the pod wings 
on the pod alone configurations. The pod forebody is that of true pod 
number 3. True pod number h  vas a body-of-revolution pod having 
approximately the same cross-sectional area distribution as true pod 
number 3. Splitters (S). both fere and aft, were provided for pod number 
h  to force "spilling" of the flov about the fuselage (gee Fissures 5 and 6). 

Pod Canards 

6. Four basic canard shapes were tested, C^,, Co., C^, and Ci^. 
Canard numbers 1, 2, and 3 vere of swept wing plAnfora out differed in 
vlng are1?.; canard number k was delta Vng in pianfera and of the s&rae 
ving area as C^. Canards 1, 3, and '+ were tested only in position b on 
the pod; canard number 2 vas tested in positions a. b^, ?,nd c, Provision 
vas also aa.de to test the canards at angles of incidence of 0, 3. 6> <»Tid 
9 degrees. Further canard details can be found ou Figures 7 through TO 

Pod Wings 

7. Four basic pod wings were tested,  L-^,  Ig,  Ls., and I,-.    Pod 
wings numbered 1, 2, ai*S  3 were each of 55 degree leading edge sweep-bacK 
and delta in planform, but differed in wing arafc.    Pod ving auraber 5 
contained the same wing area as wing number 1, but was tapered in planform. 
Further ped ving details can be found on Figures 11 through 13. 

Pod Vertical Tails 

8.    Two basic pod vertical fins were tested, Tg and T3,    A modified 
version of each tail (T034 an<* T

3M) 
vas provided to be used with pod mount 

configurations,    Th© vertical pod tail (T2) has the same planfo?'m as the 
lower fin of the triadic tail tested in reference (b)=    The vertical pod 
tail (T3) has the same planform but contains fifty percent aore ere*1* thai 
Tg,    The trailing edge of tails Tg and T3 are coincident with the pod 
tail tested in reference (bj,    Further model details can be found on 
Figures 1*1 and 15. 

Pod 3So*e Extensions 

9.    A pod nose extension (Z) «as provided to permit testing of a 
swept canard in the most forward position.    The nose of the extension 
was conical in shape and faired into true pod number 3-    Three additional 
extensions were provided to permit testing of the same canard in two 
other locations and  \ smooth run configuration (see Figure 16). 
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Fuselage 

10. T-ic models of the basic fuselage configuration were tested; one, 
true contr r (F) was tested with pod mount configurations, the second, 
a modified version (F>j) to be used with fuselage mount configurations. 
The modale (Fj and (Jrjj) varied only in the shape of the afterbodies. The 
forebcdiea were identical (see Figures 17 aaG IV). 

Wings 

11. Th;?*i Models of the ba^c wing ware tested, W^, W2, ind Wo. 
The planforru aad •Jing area were the same for each ving, Winr; number 1 
(W^) was a "slick" wing with no provision made for the mounting of 
deflected control surfaces. Wing number 2 (W2) was identical with (W^) 
and contained &?ans tor mounting deflected control surfaces. Wing 
numbe: 3(^3) ma identical to (W^) in planform and ving area, however, 
the ai'teroodies of the nacelles were modified to accomodate the twin 
sting balance. Further model details can be found on Figures 19 through 21, 

Fuselage Vertical Tails 

12. Throe fuselage vertical tails were tested, V\, Vg, and V9 , 
Vertical tail number l(Vi) was triangular in shape and was considered 
the basic tftil configuration. A modified rail nmsber ifVi^) was also 
provided to bo used with fuselage mount configurations. Vertical tail 
nuabf^r ',{'*£} was a ssept-vins version of (Vn) with the same span. Vertical 
tail aunber 9(VoJ was the basic tail (Vi) with a dorsal added to it. 
Further model details can be found on Figures 22 and 23. 

Nacelle Mounted Vertical Tails 

13- Two nacelle vortical tails in the form of ventral areas 
underneath the nacelles ware provided, Vy and Vg= Both tails were of the 
same 6pan but Vy had the larger exposed area. Further model details can 
be found on Figure 21, 

lk.    Dimensional data for various model components can be found 
in Table III. 

15. An internal strain gage balance was used to obtain all force 
and moment data. The balance was designed and built at the Naval Ordnance 
Laboratory. This balance measures six rmpocents from waich normal force, 
lateral force, axial force, pitching mouant, yawing moment, and ro3.j ing 
moment aata are obtained. 
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DISCUSSION 

16.    Th* data taken la this  investigation are presented  in the fonn 
of tabulated  listings oi' the aerodynamic coefficients.    The tabulated 
sheets are placed in numerical order with respect to the run number. 
Each sheet contains the data obtained during one run.    Th« data were 
obtained about the balance axis.    In order to transfer the data, to bhe 
stability axis as shown in Figure 25, the following equations ware used: 

L m N'cos a - F sin a 

D m F-cos a + K sin a 

Y = Y 

Md * M0k'cos a + M^'sin a 

Hf m    M^>co8 a - M0>,-sina: 

where: 

D      • drag force - lbs.   (stability axis) 
> 

F      » axial force - lbs.  (balance axis) 

I     -  lift force -  ibs    (stability axis) 

N     • normal force - lbs.   (balance axis) 

t     • lateral force - lbs.  (balance and stability axis) 

M^   • rolling moment -  in. lb.  (stability axis) 

M/<   « rolling moment -  in.  lb.   (body axis) 

My « yawing moment -  in.  lb.   (stability axis) 

K^b m yawing moment -  in.  lb.   (body axis) 

HQ    m pitching moment -  in.  lb.   (stability axis) 

M^ » pitching moment -  in,  lb,   (body axis) 

17.    Sting deflection under load was taken into account by adding 
an increment to the indicated angle of attack (a) and/or ar^le of y*w (<//) 
BO  th*it 

ac m a indicated +Aa 

•JL tyc m ip indicated + A \j/ 
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The iiicreittent La  and/or A ^ '•'as determined from a static calibration 
which simulated the aeroayu&mlc loads applied to the balance. 

Iu. The pitching moment coefficient for »a number of pod-alcne and 
pod mount configurations was reduced about both the pod e.g. and the 
composite e.g. Both coefficients are presented in the tabulated listing 
where applicable. The composite e.g. is located 5.735 inche3 aft from 
the fuselage nose along the chord plan? of the ving. The pod e.g. is 
located 5.9M inches aft from the fuselage nose and 0.166 inches below the 
chord plane. 

19. The axial force and pitching moment data if ere corrected for 
base pressure eff«cts. The corrections included the bass pressure acting 
on the base areas of the nacelles, the preseure acting on the annular 
exposed area where the balance enters the fuselage, tne pressure acting 
on the pod base when fuselnge mount configurations vsre used, and the 
pressure inside the balance drag chamber. The effects of these base 
pressures were removed from the data. 

20. Table I presents the .nodel configurations tested together with 
all pertinent model information; such as, angle of attack, angle of yaw, 
angle of roll, configuration•,  surfaces deflected, and run number. The 
symbols used in the configuration are. defined la the Nodal Nc jsnclature, 
a more de-tailed description can be found in the Description of Models. 
A number of the v;onfigurations were tested at two slightly different 
locations in the tost rhombus; hence, these configurations have two 
different run numl.'ers. 

21. Table II lists the test rhombus conditions such as dynamic 
pressure and Eaynolds number (based on MA.C of the ving) for each Mach 
number tested. 

22. A cover page precedes the tabulated listing cf the final 
aerodynamic coefficients on which aro defined the symbol used and the 
position of the decimal point. 
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•ZABW.  II 

Test Rhombus Conditions 

Mach Number 

h— 
1.56 

2.16 

Average Dynamic 
Pressure (psi) 

6.05 

k.69 

Reynolds Runbor 
Based on Mfi.C of Wing 

1.86 x ID6 

1.1*8 x 106 

f *• 
18 
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: r.CABIE III 

Dimensional Data 

i 

Span -  ir.chos 
Aree - sq.  inches 
Aspect Ratio 
Taper Batlo 
Airfoil sectior 
Sweep-back leading edge 
Dihedral 
Incidence 
M.A.C,  -  inches 

* 

6.881 
25.33^ 

1.865 
0 

KACA 65AOO^ 
65° 
0° 
0° 
4.919 

True and Modified Fuselas-e: 
•1- mmm   —   ••-— •• 1 •• —•»—••••»    , —. . wJm • 

Overall length - inches 
Distance from nose ci fuselage to leading 
edge of wing root chord 
Maximum vidth - inches 

9.696 

0.724 

True and Modified Sacelle; 

Overall length -  inches 
Distance from airplane center line to 
nacelle center line -  inches 
Maximum width of nacelle - inches 
angle between chord plane and center line thrust 

True and Modified Pod No. 3: 

11.230 Overall length - inches 
Distance from nose ojApod to 
leading ©ago ving root chord -  inches 2,5^8 
Maximum width tc plane of 

uetry - inches .364 

True Pod No. hi 

y .610 

1.982 
0,628 
-2° 

With Extended Nose 
12. 442. 

3.760 

Overall length - inches 
Distance from nose of pod to leading 
edge of wing mot chord - inches 
Maxiaus? width to plane of symmetry - inches 

10.909 

2.548 
.395 

19 
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TABLE III  (Continued) 

• 

True Pod Wings; 

Span -  inches 
Kr x> - sq..  inches 
Asp-act Ratio 
Taper Ratio 
Airfoil section 

Sweep-back leading edge 
Dihedral 
Incidence 
Length MAC - inches 

Pod Canards; 

Span -  inches 
Area - sq,  inches 
Aspect Ratio 
Taper Patio 
Sweep-back leading 
edge - degrees 
Sweep-back trailing 
edge - degrees 
Dihedral 
Length MA.C -  inches 

No.  1 Ho. 2 
3TlS0 T-700 
3.569 ^-903 
2.79 2.79 
0 C 
3% modified double wedge 

So. 3 

3.312 
V00 
0 

55° 
0° 
0° 

1.506 

So.  1 
T79i5 
1.200 
3.053 

U8.5 

3*K8 
0° 
0.651 

55° 
0i 

0° 
1.767 

So. 2 
11613 
0.900 
3.05 
0.5 

H8.5 

3^.6 
0° 
0.564 

U50 
00 
0° 

1.213 

Ko, 3 
T35t 
0.600 
3.05 
0.5 

W.5 

3^.8 
0° 
o.i»6i 

No.  5 
3.112 
3.0*5 
3.18 
0.V55 
3jt modified 
plate 
10,8° 
0° 
0° 

1.024 

No 

>.?10 
1.2V 

Co *.<. 

H5 

0° 
0° 
0.f*3 

Pod Vertical Tail Ko. 2; 

inches Area - sq, 
Ecsi-span - inches 
Aspect Matio 
Taper Ratio 
Airfoil pWtllel to root chord 
Sweep-back leading edge 
Sweep-back tailing edge 

True 
1.559 
iMk 
2.60 
0.500 
HA.CA 65AO05 
52° 
37.5° 

Modified ^m— 
•910 

I.89 
..610 

52° 
S7.50 

fuselage Vertical Tails 

Total area - sq.  inches 
Semi-span - inches 
Aspect Ratio 
Taper Ratio 
Airfoil section parallel 
to root chord 
Sweep-back leading edge 
Sweep-back trailing edge 

No. + Mvrfliflec   No. 
ITSvI o.6*oT~ 
1.605 0.977 
2.80 2.80 
0 0 

NACA 65A005 
55* 55„ 
0° 0° 

1*0. 6 

2.80 
U.HOU 

50; 
30'- 

No- 9 
2^263 
1.605 
1.1* 
0 

55° 
o° 

20 
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FIG. I SKETCH OF POD WITH CANARD AND WING 

———».•'" ' • — 
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FIG. 2 RETURN COMPONENT 
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FIG. 3  SKETCH OF COMPOSITE CONFIGURATION SHOWING POD WING 
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6.000 

POD STATIONS 

FIG. 4 TRUE PCD NO. 3 

9.696 

? 

r 
6.000 7.900 

POD STATIONS 

FIG. 5 MODIFIED POD NO. 3 
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POD 
STATION 

0 

FIG. 6 BODY-OF-REVOLUTION POD 

PLANFORM 

f 0%3°,6°s9 0.155 

O 

SIDE VIEW 

FIG. 7 SWEPT CANARD GEOMETRY 
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PLANFORM 

0.300 

0°. 3°,60.9° 

SIDE VIEW 

FIG.8 DELTA CANARD GEOMETRY 

0.300 

A = 36 SQ. FT. 

NOTE: A = EXPOSED AREA 
FULL SCALE 

A = 24 SQ. FT. 

1.065 ••!      U-0.396 

FIG. 9 <?WEPT CANARD GEOMETRY 
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•APEX OF CANARD 

+ A 0.148 

PARTING 
PLANE 

NOTE: AsEXPOSED AREA  FULL SCALE 

3YM30L   j    PLANFORM 
1 

AREA DIMENSION  A 

C.h                  SWEPT 48 0.300 

C4& DELTA 43 0.300 

C£b SWEPT         _j 36 0.300 
C3b SWEPT 24 U ivUU 

C2c 
SWEPT 36 !.5I2 

CJ2Q SWEPT 36 -o.yi2 

FIG. SO CANARD LOCATIONS 

3.160 

— 2.259 — 

FIG. I!  POO  WING PLANFORMS 
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A=IOOSO FT, 

• 40% CHORD LINE 

0.297 

4.168 

FIG.S2 POD WING PLANFORMS 
POD STA 9.926       PARTING PLANE 

NOTE: A*FULL SCALE EXPOSED AREA CHORD LINE 

r- •   -| 
SYMBOL 
  

PLANKORM AREA L.E. 
SWEEP 

40% C 
SWEEP DIM. A DIM.B 

L|Q DELTA SCO 40.6 2.085 0.413 

Lib DELTA 100 55 40.6 n aoa. 0.413 

Lie DELTA 100 55 40.6 0 0.413 

L2b 
r        DELTA 150 55 40.6 0.433 0.413 

L3b DELTA 200 55 40.6 0.105 0.413 

L5c TAPERED 100 10.8 0 0 0.413 

FIG.io POD WING LOCATIONS 
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REAR VIEW PLANFORP 

FIG. 14 TRUE PCD VERTICAL TAIL NO 2 

1.424 

• 

POD VERTICAL TAIL NO. 2 
PLANFORM REAR VIEW 

(TYPICAL) 
FIG. 15 MODIFIED POD TAIL 

FUSE. STA 
0 

M^-0.934 ~*j 

0 
POD STA 

FiG. 16 EXTENDED POD NOSE 

SECURITY INFORMATION SECRET 

••>*--•   -• . ,   ..• 



SECRET 
NAVORD REPORT 2793 

m 

STATION    Q 
9.696 

FIG. 17 TRUE FUSELAGE 

FIG. 18 MODIFIED FUSELAGE 

• 
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7.376 

FIG. 19 WING PLANFORM 

Cp 
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!        II 

a 

iii 

LJ 
O 
< 

UJ 

O 

LL. 

UJ 

_J 
UJ o 
< 

CJ 
LJ 
Lj- 
O 
o 

CM 

S2 
U- 
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VERT STAB. NO. I 

V 

k 2332 

1 414 n 

55 1.887 

VERT. STAB. NO Z 

F!6. 22 TRUE FUSELAGE VERTICAL TAILS 
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4.000 

.605 

VERTICAL   TAIL  NO. 9 

1.605 

^ 

VERTICAL   TAIL NO. 6 

FIG. 23  TRUE  FUSELAGE  VERTICAL TAILS 
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NACELLE LOWES 
CONTOUR—, 

3.00 

0.364 

VERTICAL   TAIL  NO. 7 

NACELLE  LOWER 
CONTOUR—\ 

**•—0.242 

VERTICAL   TAIL   NO. 8 

FiG= 24  NACELLE   VERTICAL TAILS 
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REL 
WIND 

s- BALANCE   AXiS So+Mf 

_ HORIZONTAL 

FORCE     T 

BALANCE   AXIS 

+ F 

MOMENT CONVENTION 
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Tabulated Listing of Aerodynamic Data 

The symbols vised as column headings have been previously defined 
in the list of Symbols. The data taken during any one run are presented 
on one page. The runs are arranged in numerical order, lo obtain the 
data for a particular configuration; Table I should be consulted. Table I 
contains all of the pertinent inforwition necessary to define each 
configuration and lists its particular ran number. 

The decimal point for tf>c  and ac is placed between the second and 
third digit reading from left to right. For the remainder of the data, 
the decliisal point will precede the first digit, reading from left to 
right, i.e., ac = 07A6- and Ce comp » .0287 (blow one of run one). In 
ever;/ case where the quantity is negative, the sign follovs the value. 
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